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Objective To test the hypothesis that the increased risk of type 2 diabetes mellitus and coronary artery disease in
South Asian subjects could be caused by the presence of endothelial dysfunction in early life. We studiedmarkers of
endothelial dysfunction in umbilical cord blood of South Asian neonates and compared these with that of Caucasian
control subjects.
Study design From South Asian (n = 57) and Caucasian (n = 21) neonates, cord blood was collected and levels of
glucose, insulin, lipids, and markers of endothelial dysfunction (E-selectin, intercellular adhesion molecule 1, vas-
cular cell adhesion molecule 1) and inflammation (C-reactive protein) were measured.
Results Plasma E-selectin levels were significantly higher in South Asian neonates (46.7 versus 33.5 ng/mL, P <
.001), and levels of intercellular adhesion molecule 1 and vascular cell adhesion molecule 1 did not differ. Further-
more, South Asian neonates had hyperinsulinemia (P = .043), dyslipidemia (with significantly higher triglyceride and
lower high-density lipoprotein cholesterol levels), and higher C-reactive protein levels (75.7 versus 43.8 ng/mL,
P = .009).
Conclusions South Asian newborns are characterized by elevated E-selectin levels in line with the hypothesis
that endothelial dysfunction is present early in life. In addition, hyperinsulinemia, dyslipidemia, and inflammation
are present. Because many pathogenic variables for coronary artery disease and type 2 diabetes are already pres-
ent at birth in South Asian patients, the question arises whether rigorous childhood lifestyle intervention could be
beneficial. (J Pediatr 2012;160:844-8).
S
outh Asian people originate from the Indian subcontinent (India, Pakistan, Bangladesh, Sri Lanka, and Nepal) and rep-
resent one-fifth of the world’s population.1 They are at higher risk of coronary artery disease (CAD) and its subsequent
morbidity and mortality than Caucasian individuals.2,3 Several studies show that CAD in South Asian patients is not
only much more prevalent compared with white European patients, but also starts at an earlier age.4-6 Conventional coronary
risk factors, including smoking, hypercholesterolemia, and hypertension, do not explain their increased CAD risk compared
with Caucasian subjects.2 Although type 2 diabetes mellitus and insulin resistance are significantly more prevalent in South
Asian patients, this appears to contribute only to some of the excess risk.7 Thus, residual risk is present, suggesting that addi-
tional factors may play a role. An ethnic susceptibility for endothelial dysfunction in the South Asian population has been hy-
pothesized, because endothelial dysfunction plays a key role in the initiation of atherosclerosis.8,9
Although endothelial dysfunction contributes to atherosclerosis in large arteries, it has been suggested that in the capillary
and arteriolar endothelium, it may contribute to the development of type 2 diabetes mellitus.10-12 Indeed, Meigs and co-
workers10 found that endothelial dysfunction, as measured with elevated levels of the biomarker E-selectin in blood, predicted
the occurrence of type 2 diabetes mellitus in adult women, and intercellular adhesion molecule 1 (ICAM-1) and vascular cell
adhesion molecule 1 (VCAM-1), which are other and less sensitive markers of endothelial dysfunction, did not. These results
were still found after correction for several known risk factors, such as body mass index (BMI), family history of diabetes mel-
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Umbilical venous cord blood was collected from South Asian
neonates living in the Netherlands (n = 21), from South
Asian neonates living in Surinam (n = 36), and from Cauca-
sian neonates living in the Netherlands (n = 21). In total, 78
neonates, all born between Jan 1, 2006, and Jan 1, 2009, were
examined in two hospitals in Paramaribo, Surinam,13 and in
one hospital in The Hague, the Netherlands, after their
mothers had given informed consent and approval had
been obtained by the local ethics committee. Live-born sin-
gleton babies with 4 South Asian grandparents or 4 Cauca-
sian grandparents were included. Pregnancies complicated
by pre-eclampsia were excluded. Gestational age was based
on last menstrual period or ultrasound scanning (before 12
weeks). Birth weights were taken from the medical records
and information about the mother of the neonate (maternal
disease including diabetes mellitus, hypertension, hyperthy-
roidism, and hypothyroidism; gestational age; parity; usage
of medication; and age). For both the mother and father of
the baby, a questionnaire was used to gather information
on family history of diabetes mellitus, hypertension, and cor-
onary events. Family history was marked as “positive” when
one of the family members (grandparents, parents, brothers/
sisters) had been diagnosed with the disease. Furthermore,
the health status of the father was assessed.
Immediately after delivery, 20 mL of cord blood was col-
lected from the umbilical vein with standard protocols.
Within 1 hour, the cord blood was centrifuged. Plasma insu-
lin and glucose levels were measured immediately, and a por-
tion of the plasma was frozen and stored at 80C. The
stored samples from Surinam and the Netherlands were
transported in special media to the Leiden University Medi-
cal Center (Leiden, The Netherlands), where markers of en-
dothelial dysfunction (E-selectin, ICAM-1, and VCAM-1)
and C-reactive protein (CRP) were measured (Meso Scale
Discovery, Gaithersburg, Maryland). Furthermore, choles-
terol and triglyceride levels were determined by using com-
mercially available kits (Roche Diagnostics Cholesterol
reagent and Triglyceride reagent, respectively; Roche Diag-
nostics, Almere, The Netherlands). High-density lipoprotein
cholesterol levels were determined by precipitating the
apoB-containing lipoproteins as described previously.14
Non-high-density lipoprotein cholesterol levels were calcu-
lated by subtracting the high-density lipoprotein cholesterol
levels from the total cholesterol levels.
Statistical Analysis
All data were analyzed with SPSS software version 17.0 (SPSS,
Chicago, Illinois). Mean differences in gestational age, birth
weight, APGAR scores, and levels of E-selectin, ICAM-1,
VCAM-1, CRP, and glucose were compared between South
Asian neonates and Caucasian neonates by using indepen-
dent t tests. Birth weight and levels of E-selectin, CRP, and
glucose were skewed and required log transformation to sat-
isfy assumptions of normality. Maternal age and insulinlevels were not normally distributed, even after log transfor-
mation. Differences in maternal age and insulin measures
therefore were compared with the non-parametric Mann-
Whitney test. Differences in the prevalence of chronic dis-
eases in the mothers, smoking, alcohol and drug use, and
sex of the neonates were tested with the c2 test. Outliers
were detected with the Grubb’s test. In the case of CRP,
two significant outliers (one in each group) were detected,
which were subsequently excluded.
Results
The South Asian neonates living in Surinam and the Nether-
lands were clustered in one group (“SouthAsians,” n = 57) be-
cause no significant differences were observed for sex, birth
weight,maternal age, and plasmaE-selectin levels. The charac-
teristics of the South Asian and Caucasian groups are given in
Table I. South Asian mothers were significantly younger than
Caucasian mothers. Pre-pregnancy BMI did not differ
between South Asian mothers and Caucasian mothers, with
mean values of 23.6 and 23.7, respectively (P = .93). Infants
were equally exposed to maternal chronic disease, such as
asthma, diabetes mellitus, hypothyroidism, hyperthyroidism,
and hypertension. More specifically, 6 of the South Asian
women (10.7%) had some form of diabetes mellitus (type 1,
type 2, or gestational diabetes) during pregnancy, compared
with two women in the Caucasian group (9.5%), which was
not significantly different (data not shown). Furthermore, 6
of the South Asian women had pre-existent or pregnancy-
induced hypertension, compared with 3 women in the
Caucasian group (P = .116). Although maternal smoking
and drug use did not differ between the groups, Caucasian
mothers drank alcohol more often during pregnancy. Birth
weight was approximately 400 g lower for South Asian
babies (P = .002), and gestational age was 2 days longer for
South Asian neonates, which was not significantly different
(P = .437). Apgar scores after 5 minutes did not differ.
Furthermore, there was no difference in sex of the neonate
in the groups: 48% of South Asian babies were female,
compared with 49% of Caucasian babies (P = .947).
Mode of delivery is summarized in Table II (available at
www.jpeds.com). Cesarean delivery was more common in
South Asian women, and vacuum extraction was more
common in Caucasian women.
In Table III (available at www.jpeds.com), the health
status of the father and the family history of both the
mother and father of the neonates is shown. Although
most measurements did not differ, South Asian fathers had
a positive family history for diabetes mellitus more often
(P = .04).
As shown in Table IV, CRP levels were significantly higher
in South Asian neonates compared with Caucasian neonates
(75.7 versus 43.8 ng/mL; P = .009). Glucose levels did not
significantly differ between South Asian babies and
Caucasian babies (not significant, P = .116). Mean insulin
levels, however, were found to be 16.6 mmol/L in South845
Table I. Characteristics of mothers and neonates
Caucasian
(n = 21) South Asian (n = 57) P value
Mothers
Age, years† 33.9 (3.6) 31.1 (4.7) .012
Pre-pregnancy BMI 23.7 (5.0) 23.6 (4.7) .93
Chronic diseasez 24% (5) 21% (13) .811
Smokingz 5% (1) 7% (4) .800
Alcohol usez 30% (6) 2% (1) .000
Drug usez 0% (0) 2% (1) .555
Neonates
Gestational age, days 273.8 (9.7) 275.9 (10.8) .437
Birth weight, g* 3516 (525) 3113 (489) .002
Apgar score 5 min† 9.8 9.6 .485
Data represent mean (SD) or percentage (absolute number).
*After log transformation.
†Non-parametric tests.
zc2 test.
Table IV. Metabolic parameters
Caucasian
(n = 21)
South Asian
(n = 57) Delta P value
CRP, ng/mL* 43.8 (26.1) 75.7 (48.3) +73% .009
Glucose, mM* 4.7 (1.15) 5.7 (2.40) .120
Insulin, mM† 6.9 (10.2) 16.6 (29.6) +141% .043
Triglycerides, mM* 0.27 (0.09) 0.38 (0.19) +41% .009
Total cholesterol, mM 1.60 (0.38) 1.57 (0.37) .717
Non-HDL-cholesterol, mM 0.53 (0.22) 0.66 (0.27) +25% .040
HDL-cholesterol, mM 1.08 (0.24) 0.91 (0.17) 16% .001
Data represent mean (SD).
HDL, high-density lipoprotein.
*After log transformation.
†Non-parametric test.
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(P = .043). Furthermore, South Asian neonates had
significantly higher triglyceride levels (0.38 versus 0.27
mmol/L; P = .009). Total cholesterol levels did not differ in
the groups (1.57 versus 1.60 mmol/L; P = .717). South
Asian babies had significantly higher non high-density
lipoprotein cholesterol levels (0.66 versus 0.53 mmol/L; P =
.040) and lower high-density lipoprotein cholesterol levels
(0.91 versus 1.08; P = .001) compared with Caucasian
neonates.
E-selectin levels were significantly higher in cord blood of
South Asian neonates compared with that of Caucasian new-
borns (46.7 versus 33.5 ng/mL, P < .001). Levels of ICAM-1
and VCAM-1 did not differ significantly in the groups
(Figure). A multivariate analysis was performed with
E-selectin levels as dependent variable and ethnicity,
maternal age, birth weight, insulin levels, and CRP levels as
co-variates. In this analysis, ethnicity significantly
contributed to explain the variety of E-selectin. After
correction for the aforementioned co-variates, the estimated
E-selectin levels were found to be 42.5 and 34.5 ng/mL for
South Asian and Caucasian neonates, respectively (P = .047).
Although the mode of delivery differed in the ethnic
groups, stratification of the data showed that they did not
influence E-selectin and other cord blood measures.
Furthermore, no correlation was found between maternal
pre-pregnancy BMI and cord plasma E-selectin levels (r2 =
0.00093, P = .81), cord plasma triglyceride levels (r2 = 0.015,
P = .33), and cord plasma CRP levels (r2 = 0.0044, P = .60).
Discussion
The link between endothelial dysfunction and type 2 diabetes
mellitus has been described by Meigs and co-workers,10 who
found that elevated levels of the biomarker E-selectin (but
not ICAM-1 and VCAM-1) in serum predicts the occurrence
of type 2 diabetes mellitus in adult women. We found a very
similar pattern in South Asian newborns immediately after
birth; E-selectin levels were elevated, but ICAM-1 and
VCAM-1 levels were not.846Earlier research supports our finding of the presence of
susceptibility for endothelial dysfunction in the South Asian
population. In healthy South Asian men, impaired brachial
artery response to reactive hyperemia has been demon-
strated. This was independent of both conventional risk fac-
tors and markers of insulin resistance, supporting the
presence of endothelial dysfunction.15 Our study, however,
supports the hypothesis that endothelial dysfunction in
South Asians is present as early as at birth.
A recent study performed by Whincup et al16 showed that
type 2 diabetes mellitus precursors are already present in ap-
parently healthy South Asian children 9 to 10 years of age.
These children were found to have higher levels of hemoglo-
bin A1c, insulin, triglycerides, and CRP and lower levels of
high-density lipoprotein cholesterol compared with Cauca-
sian children. In our study, we showed that South Asian new-
borns are not only characterized by elevated E-selectin levels,
but also by hyperinsulinemia, inflammation, and dyslipide-
mia (elevated triglyceride levels, elevated non-high-density
lipoprotein cholesterol levels, and decreased high-density
lipoprotein cholesterol levels).
Thus, in South Asian patients, many potential pathogenic
variables for CAD and type 2 diabetes mellitus are already
present as early as at birth. Apparently, at least some of the
risk factors responsible for the ethnic differences in CAD
and type 2 diabetes mellitus are operating well before adult
life, potentially offering opportunities for early prevention.
There are some potential limitations to our study. First,
cord blood E-selectin levels were used as a marker of endo-
thelial dysfunction. It is not known whether E-selectin levels
in the cord blood purely reflect neonatal E-selectin levels or
whether they could also be partly derived from maternal or-
igin. Unfortunately, in our study, levels of maternal E-selec-
tin were not measured. However, an earlier study by Krauss
et al17 showed that, in both normal and pre-eclamptic preg-
nancies, cord blood levels of E-selectin, ICAM-1, and
VCAM-1 did not correlate with maternal levels, despite
mothers with pre-eclampsia having significantly elevated
levels of these factors. This suggests that these endothelial ad-
hesion molecules are differently regulated in the fetus and,
very likely, originate from the fetus. Second, the sample size
of both groups was relatively small. However, the elevation
of metabolic variables and E-selectin levels in South AsianBoon et al
Figure. Markers of endothelial dysfunction in cord blood of
Caucasian and South Asian neonates. Data represent mean
SD. A, Plasma ICAM-1 and B, VCAM-1 levels do not differ
between Caucasian (n = 21) and South Asian (n = 57) neo-
nates. C, Plasma E-selectin levels are significantly higher in
South Asian neonates. **P < .001.
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with that in the control group. The South Asian neonates in-
cluded in our study were from both Surinam and the Nether-
lands. Place of birth was not associated with sex, birth weight,
maternal age, or plasma E-selectin levels. Moreover, the
South Asian neonates living in the Netherlands all had grand-
parents who originally descended from Surinam. Lastly, this
study is a cross-sectional study and is thus not able to show
whether the presence of endothelial dysfunction in South
Asian neonates indeed leads to the generation of CAD and
type 2 diabetes mellitus later in life. However, because endo-
thelial dysfunction is considered a risk factor for the develop-
ment of atherosclerosis,8 its contribution to the development
of CAD is highly plausible. Moreover, in light of the fast-
emerging field of non-traditional risk factors and biomarkers
for cardiovascular disease18 in South Asian children, E-selec-E-Selectin is Elevated in Cord Blood of South Asian Neonates Cotin might be a biomarker for future cardiovascular disease.
Furthermore, because of the cross-sectional design of our
study, it is not possible to draw conclusions about whether
the endothelial dysfunction found in the South Asian neo-
nates has an ethnic or genetic origin. Future studies, for ex-
ample studies in which the effect of intrauterine conditions
on endothelial function in South Asians is studied, could
clarify this.
Potentially, many pathogenic variables for CAD and type 2
diabetes mellitus are already present right after birth in South
Asians, so the question arises whether rigorous childhood
lifestyle intervention could be beneficial in these vulnerable
children. n
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Chao D, Sexton JA, Pardo LSS. J Pediatr 1962;60:686-93
Was that a seizure? Fifty years ago in The Journal, Chao et al explored the nature of temporal lobe epilepsy ina cohort of 156 children. As the authors recount, the diagnosis of seizures from the temporal lobe, labeled
today as complex partial seizures or localization-related epilepsy, can be elusive: “From the literature and from
our analysis, the impression is gained that temporal lobe epilepsy has a wide range of complexity and severity.”
As they describe, temporal lobe seizures may commence with an aura—for example, fear, gastric discomfort, unpleas-
ant smell or taste—followed most often by ictal motor activity and sometimes sensory, autonomic, or psychic
changes. There is often, but not always, some impairment of consciousness—a “brown out,” as they note—and fre-
quently a postictal period lasting several minutes. A single electroencephalogram may or may not be diagnostic.
Particularly challenging for any pediatrician is the child who exhibits the odd behaviors described by Chao et al,
such as episodic hunger, running in circles, fighting and biting, spitting, deja vu, or macropsia. The clinician should
not overlook the diagnostic possibility of aura or ictal behavior when a parent’s or child’s complaint seems bizarre;
consider the possibility of temporal lobe epilepsy. For instance, I recently saw a girl who periodically experienced
a “smell of fresh mountain air” as her aura.
In the end, the report by Chao et al remains relatively timeless 50 years later. We might update the discussion with
some pearls about temporal lobe seizures:
 For a child with frequent episodes, video recording by a parent with a “smart phone” is an excellent, cost-effective
first step toward diagnosis.
 Eyes are open, not closed, during a seizure. If closed, consider a nonelectrical, purely behavioral event.
 Patients with new-onset daily seizures seldom have a completely normal interictal electroencephalogram, unless
the epileptogenic focus is deep in the brain, perhaps at the insula, amygdala, or hippocampus.
 Seizures rarely produce “negative phenomena,” such as pallor, cold, apnea, and bradycardia. Consider instead
syncope, breath-holding spells, or prematurity.
 Directed acts of violence are not a feature of temporal lobe epilepsy. Consider instead rage attacks or another
behavioral disorder.
 Conversion disorder and malingering, which can manifest as psychogenic seizures, are uncommon in the first
decade of life.
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Table II. Mode of delivery
Caucasian (n = 21) South Asian (n = 57)
Vaginal delivery 52% (11) 45% (28)
Cesarean delivery 14% (3) 44% (27)
Vacuum extraction 19% (4) 8% (5)
Assisted delivery (forceps) 0% (0) 3% (2)
Induced labor 14% (3) 0% (0)
Data represent percentage (absolute number).
Table III. Family history
Caucasian South Asian P value
Fathers
Chronic disease (n = 21 & n = 57) 14% (3) 13% (8) .872
Positive family history diabetes (n = 19 & n = 54) 32% (6) 59% (32) .038
Positive family history hypertension (n = 18 & n = 52) 50% (9) 60% (31) .477
Positive family history coronary event (n = 19 & n = 49) 16% (3) 35% (17) .125
Mothers
Positive family history diabetes (n = 20 & n = 57) 45% (9) 67% (38) .087
Positive family history hypertension (n = 20 & n = 58) 50% (10) 60% (35) .419
Positive family history coronary event (n = 18 & n = 56) 22% (4) 32% (18) .423
Data represent percentage (absolute number).
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